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(54) Interferon conjugates 

(57) Pn^dogicaJly active PEG-fFNa conjugates having a formula as follows: 
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Description 



^l 8 ' ,merferona2a ' is a f^aceutically active prote-n which has amoral and arrtproWeratjve 
activrty. For example ,m«feron s used to treat ha,ry cell leukerr,a and Kaposi sarcoma, and is active 
n order .o,rrprcve stability and solubility, and reduce immunogenicity. pharmaceutical active p^nTsS^! 
feron may be conjugated to the polymer polyethylene glycol (PEG). 

The bioavailability of protein therapeutics are often limited due to their short plasma half-life thus nr*,**,™ 
from attaining t^ir maximum clinical potency. In recent years. PEG conjugated bSS2 ^SSSJlS 
sess Really useful properties (Inada et al.. J. Bioact and Compare Polymers 5. 343 (199oTSeSSo «T E 

I^T ^ eraP tff DrU ° ^ Systems 9 - 249 ( 1 **>: A^nced Drug oJ^SX 
Among these are better phys-cal and thermal protection against susceptibi.ih/2 enly^Iic d«racS 

ircreased sokibilrty, longer in vivo circulating naff-life, decreased clearance a™Hr^LT~£T~! 7.^ . 
reported that branch* PEG conjugates exhic?, increased ^n^^^^^^J^^ 
olytc Weston man linear PEG conjugates. (Monfardini et al.. Bioconjugate ciTSSSLtl^ 
PEG proteins are reduced imrrotogen.city and antigenicity, as well as X«n££ 2 

& usiir^^r^rT^ 0 1? ' 157 - 16 ° (1W2 »- wS^ss sestet 

ir^ proves in that the antproliferat^S^^ 

PEG .nterferon-a con,ugates. yet the reduction in antiviral activity is sircar In addrboT^ . 

as °*er characSc* J3Jr5^^ ,0 ^ " *- ~» * 

The physically active PEG-IFNa conjugate species of this invention has the formula: 
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ROCH 2 CH 2 (OCH 2 CH2)n--0-c — NH 



(I 



I 

I 

R'OCH 2 CH 2 (OCH 2 CH 2 )n'~o-C-f4{f \— X— IFNIa 

I! II 

o o 



as 



PEG?meSr a ^rofTs El? ^ T 85 ,FN °' * """i antiproliferative uses. In particular, me 
aases. for SpZTST S'SS? **" n™™**** •«*■ such as n^astic d.s- 

(especially IFN^a are us^ toTeT^s^^ 6 T ,he M ™ ««y IFNos 



In addition. 
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these conjugates have antiproliferative activity which is superior to IFNa. Also as notart ^ 
ing d-ssociaton of antiviral and antiproliferative effects vSomui Z^^^L. t 8 
of a con,ugate. while decrease a rtiminafing «uSJ5/3I7 L^^^ J? * ***** 

at-wrm the amrv^ activity. eLr^^ 

activity. Therefore, the present invention aiw th.^L ***** r«"«ng the antiproliferative 

pounds of forrr.* I or their sate ^ZtZST^ST ^ - the bas. of the co.- 

rier material. TtaXn-eJil^ 

0O.0 medica, pracL taK,^^^^^^^^^; V"""" cedent wr* 
of delivery of the protein conjugate, me method of acJ^ to S£™ ^ ^ 

The corned conjugate is a phystoiogicaay active PEG-IFNa ^Z^^Z^ ^ 



ROCH 2 CH 2 (OCH 2 CH2)n 




R'OCHjCH^OCH^n'— 0 -C-r^\— X— IFNa 

II II 

o o 



40 



45 



30 where R and R' are independently lower alkyl; X is NH or O fX is at load nr» _~ , 

ecule selected from NHj or OH); n and n' are rteoers of '^fJT t functional « the IFNa mol- 

weigm of the poiyethy.™ flrycoTunr^n saTcSS. !£T~ ™„ to 1500; and *• "^leai" 
jugate of forrruia I has a bZ« i^S f p£T 26 000 daJ,ons t0 ^ 66.000 cartons. The con- 

The nun**, n and r/aTSe^^ ?2 ? m °" t,eS "™ W,aChed 10 * e P rot * n * • linkage. 
- IFNa, which activity n£y reJesSSf iTrr^^ ° ^T* * ' ^ 8 P***3 acbvj of 

IFNa nar*n'£and n^TsanV^^ *** °* 

PEG unit of OCHjCHj has a rrrtec^w^X^^^H^ tT 6 '!' *"* h •» PE£ 3- A «**l« 

the molecular weigh, li me IFNa) dep^Tt^^l^ ^ ^ Wa * W * ■» «*W«e (exduding 

I is from 600 to 1 500. producing a o»K to£ aTSlI™ «" m °» " n' for the conjugate of Formula 

to 66.000 and preferatty W about i? 2 0^^°!^ ^ PEG d ^ ^ ^ 

40.000 dattons a^^SaSJn^ 39 • 000 to 45.000 datons. with 

from about 850 to lOOO.^apr^a^^ 

may be 420 or 520. or both may be 455 The oTe^rS^ i IT T ^ mMbM r be 420 or 520. or both 
ferred ratio of from about 0.8 to aboutl* A moTetTw^t of -1" ' s ^ ^ to ,.5. wrth an especially pre- 
grange of that nurr^asde^r^ 

■"■.SS^'i^^ 8 — « R' -re math* a cor,, 

all the above t^ci^^^Z^^ ^ " ^ erther 420 » »• * " W Sg 

flroups of Formula ^and SfeS " ^ *** * ^ ^ reoard to ^ PEG 

By IFNa (interferon a) and its spades IFNa2a k man) h,. „^ . 
otoamed from any conventional sou^elch as^ITln 1^1 » ^or*,r«m protein, preferably human, as 
Any protein having the activity of IFNa s^* a ™^ r 1^ ^ ^ or ^rrttnantcelis. 

and isolating IFNa from naZ, or recorr^^Tw^^Tp^T TTt * enCOm ^- <*«*0 
A preferred IFNa is IFNa2a. which as stated ar^eT^^Tl ' ^ Bn ^- 221 • 1 (1983)). 

European Patent No. 43 980)). * Known me1r,ods ( pBsfl «. Sd. Am. 249. 36 (1983), 

The physiologically active conjugate of Formula I has IFN<r arUvH* k 
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is 



have IFNa acbvrty as shown by ant*rolrferatjve activrty against tumor ceils and antiviral activity aoainst Mils infects 

:l a rt ^ ^ MBS 01 ,FN ^ Su * **** » a conjugate can be d«erntX^«l^ 
« the art, for example the assays described below (see also Rubinstein^ al.. J Virol 37 7S ns^SJ^l^T 

PEG (in particular monomethoxy PEG) of Formula II The raaoem m«v h- «m.;~^ e * derivative of 

din, et al.. supra). Linkage is v* an amide »Z» h»T l^fZ^L * convwlt,ona ' ™»wte (Mortar- 

The reagents L also ^SS^S^-i^rT " 40 ^ * '^ G " 



ROCHjCH^OCHzCHzJn — O— C— NH 

(CH2) 4 



R'OCH 2 CH 2 (OCH 2 CH 2 ) n ._ 0 — C-r4hT 



1. 



XH-IFNa 



ROCH 2 CH 2 (OCH 2 CH 2 ) n . 



O 
If 



5— NH 



(CH^ + HON 

R'OCH^OCH^HA— O-C— NhT \— X— 



II 

o 



IFNa 



vated to a suaanimdyl ester, may be ISSUES* Ss^S^ «* 
al.. supra) applicable to a reagent with R as lower aZ^ZTL ^ffmcls. accordrng to known procedures (Monfardini et 
Polymers. Inc. (Humsville. A^r^The p ^ ^^m^' ^«^ em ™^ be obtained from Shearwater 
ing a total PEG mass of about ^OOO^Z^^Z^ *1 ° ' S ^ provKj- 

*«ncmater*s^^ 

IFNa (for exarrple IFNo2a) to^l a^i^^Ti^,^ 6 N -' erTn,nus ** chains) of 

PEGylatwn reaction can JolS^SS^^^^T ^h"" 1 * PEG " ™ e 

of IFNa to form an ester linkage iZTJ^Z^^Tj, ^ **** <** «•*•> 
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ta» at low tenperature^er conditions suitable for a nucleophilic substitution which will produce the coniuoate of For- 
mula I. Thts is aJso shown in the above reaction mechanism JugaTe 01 ™ 

IFNa and conjugates having attached more than one reagent molecule nv r^an^r^rZ^Z^T^ unmodified 
such as cation exchange aVomatogrcphy may be useT^^^^^ 

separates conjugates into their various moiecuiar weights. The content <* «» ta^!?!^ •"• clw « | y 
chromatography may be identified by molecular we^rJ^r^^m^^f^f * ^ TOhan ° e 
SDS-PAGE. or other Known methods for separa^^^^^ 

W .defied wh,ch contains the jugate of Formula , purged freTfroL^S^St a^Tcc^^' 
ing more than one reagent attached. In addition, the reagents of Formula n^ll^^r^^^ 

DESCRIPTION pF tt^ e DRAWING 

subcutaneous* under the opposite ffcnK of the tumo, i!™ 

■*«-»■«-* -* t^nan r^ ACHN 

week period. * Un °° r tne opp06,te flank °* the tumor, 1 time per week for a five 

s^onaneo^y und* the c^e flank of the tumor. 3 *Z££?»"£l we^T 
S^fa^ ^ subereous* with human rena, 3402 

week period. suocuaneousiy under the opposrte flank of the tumor. 1 time per week for a five 

subc^eouay under the «PP-*.£^^ 

Example i 

55 Pr gWation of conjugate nf Fhrnyifl t 
Materials 

****** was prepared by known methods (Pestka. supra). Prtyethyfene gryco, (PEG) reagent of forn.la I. 
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was purchased from Shearwater Polymers, Inc. (Huntsville. Ala). Fractogel® HMD CM , ^ 

25*0um. were supplied by EM Separations (Gibbstown MA) Concent ^SnvT k ( > ' 
PH 7.3. was purchased from BioVvhittaker C^^^MD) ^^ }l m phos P ha te buttered saline (PBS), 
trophores* (SOS-PAGE) precast gels a* ^" ^1^ [^^a^yac^arnde 8 * alec- 
5 traied Fast Stain for protein staining of PEG^uaat^ ZsdZp^ WVEX (S,n D *°°' CA >' ^eo- 

(Newton. MA). The LAL endotoxin assay Wt wa^c^ fr^ t^^^"^ * Bm ** 
other reagents used were of the high J^SSS^^Z^^* ^ ^ (V *°* ^ 
by Charles River Laboratories (Wilm.ngton. MA) cannulated rats and BDF-1 mk» were supplied 

w Experimental Procedures 

A. Small scaJe preparation of conjugate of Formula I 

» to ^ <*«" MW of .0.000 daftons) W ^ 

rr.xt.re was stirred a. 4'C for 2 hours. The ^£n^ fiS^SS^TLT' - The r*^ 

The reaction mixture was diluted 50-fold w^wateTf pH to 4 5 ^ PJacial acetic acid. 

pa*« with iooml (3.2x130*) Fmct^ EM^SfS^I l££ J^T"" " Amicon colurrr 

ibra.ed with iomM ammonium ace^ P hT 5 ^SJ ^ 01 20 ^"- The cdurm was previously equil^ 
- column was then washed with the eguilib^n S^JiSSZT^ """^ * 280nm ^ 
hav,ng more than one reagent of Formula II attac3pEcL™ * * baSrtine " PEG - |FN conjugates 

PH 4 5 and the conjugate of Formula . S 12M ^ iT!^ ^ <° 

unrnodtfied I FN remaning in the column was eJutiSwT 1 «! *° ^ ac *»* ^ The 

by a 1.0M Nad wash followed by the equitation U^w»T£! hu "" r ^ coh,mn regenerated 

than the unmodified IFN. The PEG-IFN ohoomers w^l J!! 5l P f° ylal,on - ^ conjugates bound less tightly 
-otcns. The resu*ng prepay ^ >99% l^JfSE £32?^- ST" 

B. Large-Scale Preparation of conjugate of Formula I 

mg (52 .mol) of interferon in 50 mM borate bl, pH 9 o T^i™ 125 m, of a solution containing trio 

m-xture protein concentration was 5.3 mo/mM^e rJ^J^T pr0te ' n ' reaQert 1-3 and the final reaction 

stopped by adjusting the pH to 4.5 with S a^S "'^ 2 ^ a < 4 ' C The reaction was 

was washed wrth the equilibration buffer ttloweXTo^fSla to rZl * 1 ■ 3crTVtn,n ' ^ column 

PEG-IFN oligomers. The conjugate of FormUaTv^s ^ S ^ ^ reart °" byproducts and 

unmodified interferon still adsorbed to the ^n™*^TJ?lT 200mM *aCI- The 

« The conjugate of Formula ,. which was eluSTo mZZTJZTT" ° ?S " Na ° ,n the buffer. 
^'ation^.20^^ acetate, ph!;^ 

I was 40-45%. M ■ Goma " 1in 8 1 50"iM NaCI. The overall yield of the conjugate of Formula 

'«£^7£^ - conjugate of Formu^ ,. The average 

so IF Na2a whi* , s 1M41 can^l^^^^^ ^"ons. including the molecular 

dattons, about 43,000 datons. nwecular we.ght of the reagent which is between 40.000 and 45,000 

Examr^ :> 

55 C^acteriratinn rrf m n,.. nmf ^ e^,^ , 
Protein Determination 

Pr«e,n concentrations were de.en.ned us,ng an A 280 value of 1 .0 for a , mg,r* solution of IFNa ^ 
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SDS-PAGE Analysis 

The conjugate was analyzed by sodium dodecyl (lauryf) sutfateVpdyacryJamide (8-16%) gel electrophoresis under 
reducing conditions, according to the methods of Laemmii (Nature 227, 680 (1970)). SDS-RAGE containing PEC^con 
jugates were stained fa protein using Fast Stain (Zoton Research, Inc.) according to the manufacturer's instructions. 

Determination of Endotoxin Levels 

Endotoxin levels were determined using the LAL method, according to the manufacturer's instructs AJI preoara- 
tions contained <5 EU/mg endotoxins. 

Example 3 

in Vitro Bioactivrties of conjugate nf fnrmfa \ 
Antiviral Activity in Bovine Kidney Cells 

The m vitro antiviral activity of IFNa2a and the conjugate of Formula I as prepared in Example 1 A. were deter- 
mined .n i cdl culture bioassay employing Mad, rv Darby bovine kidney (MDBK) ceils challenged with vascular stoma- 

2J££ ai ^ a) ' ^ antiv,ri «* in Table 1 , along wrth their cone^^S. 

activities as a percentage of the starting I FN. ^ ^* 



Table 1 







Anti-Viral Activities 


Samples 


PEG Type 


Total PEG Mass 
(kDa) 


# Lys Modified 


Specific Activity 
(U/rng) 


Residual Activity 
(%) 


IFNa2a 








2.00 X10 8 


100 


Conjugate of For- 
mula 1 


Branched 


40 


1 


1.40 X10 7 


7 



40 



55 



In Vitro Antiproliferative Activity in Human Tumor Ceils 

Thi * ,v*o umoKm»m activities were assayed in human Daudi (BurMtt. Lymphoma) cells, as described by 
Borden « aL Human Daud. cells were maintained as stationary suspension cultures in RPM1 1540 supplernt^aTwS 
10% fetal bovine serum and 2 mM glutamme (Grand Island Biologicals, Grand Island, NY) The cetewe^^I 
astound to be tree of rnycoplasma. Gees (2 x 10*) were added to wells of m«roUter 

med.um. Venous concentrations of I FN and the conjugate of Formula I as prepared in Srnp.e1Twer , adde^to 

1 , ' my ™* ne (New En 3' and Nud6ar - Boston, MA). s.xteen hours before cell harvesting Thecells were 

% Inhibition - [ (A - B / A] x 100, where; 

A - cpm in control culture (cells incubated in medium alone) 
B « cpm in experimental culture 

rnJfZT* W8f8r ^ in o^ruplicale and standard deviation was less than 20% of the mean of all cases Exnen- 
ments were run at least twice with comparable results ««" or an cases, txpen 

2S fJ£?^ r0li,era !r (ICso) 01 ,FN and ,he con ' u ° ate are list * * Table 2. The data .ndicate that there is a 

28-toW .ncrease ,n antiproMerat.ve activrty for the con,ugate of Formula I. as compared to that of FN 
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Table 2 



In Vitro antiproliferative activities in human Daudi (Burkrtfs lyrrphoma) 
ceil lines. 


Sample 


Antiproliferative IC50 
(npyrnf) 


Activity Increase 


IFNa2a 

Conjugate of Formula 1 


0.56 
0.02 


1x 
28x 



is ExarrrHe 4 

Pharmacokinetics 

at room temperature. Once all the sanies lira «Z-.«7w*^? discharged into swum separating tubes 

in a refrigerated Eppe^cC^STo^r!^^ * ^ P*"* »• «*« were certrrruged at U.OOOxg 

» time^oint was detenrtnedTderc^rom ST^f if" 1 appropri8t ^ and *• activity at each 



Table 3 



Termmal Half-Uves (t 1/2) and Mean Plasma Residence Time 


Sample 


'1/2 (hours) 


Plasma Residence Time 
(hours) 


IFNa2a 

Conjugate of Formula I 


2.1 
15.0 


1.0 

20.0 


Terminal 1/2 estimated by log linear regression. 



so 



55 



Irnrrtynoqffni^ 

in^^ 'ST^i^ ° nCe ^ ^ *■ *«»»""-«"» various 

ton and the serum was evaluated for neutralize arrtbod.es 19 days talking the last injec- 

with the conjugate of ths .nvention «*>«*•» were detectable m the majorrty of animals jngected 
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Tabe4 
^nmunogeruaty 



TreatmefTt 


Antfcody (INU/mf) • 




Median 


Range 


IFNa2a 

IFNo2a Aggregates 
Conjugate of Formula 1 


2,400 
42.667 
0 


217-8,533 

8.000-768,000 

0-1,133 



Example fi 

Antitumor art jvitv In Vrvn 



m.ce. Results are srwwntn RouresT-i WK>US hUTOn ,umor ce " s ***** sUxutaneously nto 

and 6). 3 * 6 wee* were f 0 ^eS^ "£i^T ^ 0402 ^ ^ 5 

.nto the study w« 0.05 to 0.50 cubic centime T>*^^~TJ^ LT^.' ™« «™ ^ena for acceptance 
unmodified IFNalpha2a Of 30. 60. 120 or 300^**. « oT PEcLT^SL^ ^ * or 
• (Monday, w«h 30. 60. 120 or 300 ng a, "e^^^^I^^^ Seated on. *rn. pe, 

the mice mn treated three times ner JjL rMr^JJ^TT P"*"*™**- In the case of unmodfwd IFNatofta2a 
treatment. The dur«on of treaty ^^Tt^^^l 10 ' 2 °' 40 <* 100 " * <™-*>r^er 
measured every Monday prcrT^a^ *" nd " , ° °° ^ We«iv*r«s. Tumor voJumes were 

group were sacnfied. ,n the three mx:e ^^^S^r^TT, di6cwrt, ~ 9d »w "*» * 
^unmodified IFNaJphaZa the A498 tumo^S waf S^^n *™ W """treated 

of three mice. The A496 tumor worn waTsTgnlH Ifl^^S*™' 1 60 respective* in each 
days after the end of the four 3 ^ ^^Z^ If* * ™=* A '*> 

mice. All a*™ mice were free of t^y^^^JT^ * "n «M.n 

4XSnxr M : ££rs:r - ™? ,o «— « ****** * 

PEG2-IFNaipria2a showed a s^icam eA^^IL^ 28 ^ and 35 ^ (fisura. 3 and 4). 

"eeMy dosage lav* of 60 and « "^JTS ^28^"^?^^ ,0 mmodi ' ied ,FNa ^« *» 

^ oars. 2i oays. 28 days and 35 days (Figures 5 and 6). 

Claims 

1 • A physiologically active PEG-IFNa conjugate havrng the tormjla 
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O 

ROCH 2 CH 2 (OCH 2 CH 2 ) n — Q -C — NH 



(CH. 

I 



R'OCH 2 CT 2 (OCH 2 CH^-_ 0 ^— N ^ \— X— IFNa 

O U 



1 iSSSS^" 1 Wh6fe,n ^ °' 1,16 ^^ ene units is from about 35.000 to about 

* 3. A conjugate of claim 2 wherein the molecular weight of the polyethylene glycol units is about 40,000 daitons. 

4. A conjugate of daim 1 wherein R and R' are methyl. 

5. A conjugate of daim 1 wherein X is NH. 

30 

6. A conjugate of daim 1 wherein the IFNa is IFNa2a. 

7. A conjugate of daim 1 wherein the average sum of n art n" is 850 to 1000. 

* 8. A <^°ate of c*m1 wherein R art R- are™ 

9. A conjugate of daim i wherein R art R" are methyl; X is NH; IFNa is IFNa2a; art one or both of n art rr is 520. 

^ 10. A ^)"8«e of dam lwhi*nas^^ 

11. A method for producing a PEG-IFNa conjugate having an increased antoroWeratrve actrvrtv and rtee,-^ =^ 

» apeubcally men carrier. ^ * aPE ^' FNa ^We*cla,rTrt l na n ym 90 tcton*^o ani 3i« w . 
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